The term "accessory replicons" was introduced earlier (8) and may be defined as "the dispensable genetic elements capable of selfreplication and perpetuating either in the cytoplasm or as an integral part of the basic bacterial genome." The term thus includes diverse sorts of plasmids as well as temperate bacterial virus genomes.
In the past we have been principally engaged in studying the natural history of the temperate coliphages. Realizing the potential occurrence of genetic interactions between temperate phages and the other sorts of accessory replicons, we carried out a systematic study of the accessory replicons of Escherichia coli strains of local origin (8) . With a view to better understanding the distribution patterns of the accessory replicons in the family Enterobacteriaceae as a whole, we report here the accessory replicon loads of two additional genera closely related to Escherichia, Salmonella and Shigella.
MATERIALS AND METHODS
Bacterial and phage strains. The genetically marked bacterial strains and their relevant properties are given in Table 1 .
The Salmonella phage P22 (17) was obtained from T. lino. Phage HK239 is antigenically homologous to P2 and belongs to the P2 family of coliphages (4, 7) .
Growth media and diluents. Liquid bacterial cultures were grown either in nutrient broth (Difco) or in a mixture of tryptone and yeast extract broth. Bacterial colony-forming unit (CFU) assays were carried out on nutrient broth with 1.5% agar, and the phage PFU assays were carried out on tryptone broth agar. Bacterial cultures were diluted in phosphate-buffered saline, and phage were diluted in phage diluent, which is phosphate-buffered saline containing 0.1% tryptone granules.
The compositions of these media have been given in previous publications (5, 6, 9, 10) . The minimal medium used was one described by Vogel and Bonner (16) .
Bacteria isolated from clinical samples. Most of the Salmonella isolates and all the Shigella isolates studied were isolated in the clinical laboratories of three local hospitals, Queen Elizabeth Hospital, Princess Margaret Hospital, and the Queen Mary Hospital. The bacterial strains were identified in the hospital laboratories by the methods described by Cowan and Steel (3) . The identity and antigenic characteristics of the Salmonella strains were accepted as given by the suppliers and were not verified by us.
Fifteen strains of Salmonella were obtained from the United Kingdom through the courtesy of Bruce Row (Enteric Reference Laboratory, London) and Ruth Barker (Bacteriology Department, University of Dundee, Scotland).
Detection of bacteriocinogeny, lysogeny, and drug resistance. Lysogeny and bacteriocinogeny were tested by the agar overlay method described elsewhere (8) . Drug resistance was investigated by incorporating (12) . Phage DNA was extracted by phenol treatment (12) . Purification of EcoRI enzyme, digestion by phage DNA with EcoRI, and the agarose gel electrophoresis of the EcoRI digests were carried out as previously described (11, 13) .
No attempt was made to prepare the restriction maps of the DNA molecules or to determine the molecular weights of the individual fragments. The purpose of preparing the electrophoregrams was to establish qualitative similarities between the restriction fragment profiles of different molecular species of DNA.
RESULTS
Accessory replicons in shigellae. A total of 42 Shigella strains isolated from as many clinical samples were examined. Twenty-five strains were identified as Shigella flexneri and seventeen as Shigella sonnei.
The incidence of drug resistance among the shigellae was unexpectedly low. Out of 30 strains tested, only 1 was found to be resistant to neomycin and sulfamethoxazole.
In contrast to drug resistance, a rather high incidence of bacteriocin determinants was observed. This test was carried out on six indicator strains, TD57, ST65, ST92, TD28, TD1006, and TD1008 (Table 1) . Of 17 strains of Shigella sonnei, 13 produced bacteriocins active on Shigella sonnei TD1008 (Table 1 ) and strains C and K-12 of E. coli. Shigellaflexneri isolates showed a lower frequency of bacteriocinogenic bacteria; out of 25 strains tested, only 4 were found to be bacteriocinogenic. These bacteriocins showed the same range of activity as did those of the Shigella sonnei strains.
The incidence of lysogeny in shigellae was found to be much lower than that reported for E. coli (8) or salmonellae (see below). A total of 45 strains were tested on E. coli C, E. coli K-12, and a Col-strain of Shigella sonnei (strain TD1008). Only three strains of Shigella flexneri were found to be lysogenic. The phages recovered were designated HK321 to HK323 (Table 2) and were found to lyse Shigella sonnei as well as E. coli strains C and K-12. Neither phage, however, grew on the P2-resistant derivative of (8) .
Lysogeny and phage sensitivity in salmonellae. Altogether, 218 isolates were tested on indicator strains E. coli C, E. coli K-12, Salmonella typhimurium LT2, and Shigellaflexneri TD1006. None of the strains produced phage capable of registering on TD1006; five strains gave phage active on E. coli C but not E. coli K-12, and two strains produced plaques on E. coli K-12 but not on E. coli C. Fourteen strains produced phage capable of lysing strain LT2. Thus, only about 6.0% of the wild-type salmonellae harbor prophage capable of registering on strain LT2.
To find out whether some of the strains classified as nonlysogenic (94% of those tested) harbor prophages active on Salmonella species other than Salmonella typhimurium, we selected 35 strains belonging to different species. Each strain was used as an indicator and was spotted with an inoculum of each of the 35 species. The results revealed that 18 species produced PFU which were active on one or more indicator strains. Thus, increasing the number of indicator strains revealed that at least 50% of the wildtype salmonellae are demonstrably lysogenic. Salmonellae from local hospitals which yielded phages active on Salmonella typhimurium LT2 belonged to the species Salmonella saintpaul, Salmonella indiana, and Salmonella heidelberg. Consequently, bacterial cultures of these species were obtained from the United Kingdom, and many of these were also found to harbor phage active on strain LT2. A total of 22 phages active on strain LT2 were selected for further studies. The source species of these phages are shown in Table 2 .
Salmonella phages: growth temperature, host range, UV inducibility, and serological properties. The efficiency of plating (EOP) of all phages was determined at 32, 37, and 42°C. With the exception of phages HK316 to HK320, all gave comparable EOPs at the three temperatures. HK316 to HK320 plated equally well at 32 and 37°C, but their EOPs at 42°C were only 10-2 of those at 32°C. These phages thus are temperature sensitive.
All 22 Salmonella phages (Table 2) failed to plate on the P22-resistant strain TD197. However, at frequencies ranging from 10-8 to 10-4, host range mutants capable of lysing strain TD197 were obtainable from P22 and all of the 20 phages of the HK series. Phages HK316 and HK320 which had been found to be temperature sensitive were also not inducible by UV. In contrast, P22 and all of the other HK series phages were found to be UV inducible.
The antigenic properties of the phages were studied with anti-P22 serum (Table 3) . Except for HK316 to HK320, all were efficiently inactivated by anti-P22 serum and can be regarded as being homologous to phage P22. Phages HK316 to HK320, however, showed no appreciable inactivation by anti-P22 serum and were classified as antigenically heterologous to P22.
Transduction efficiency of Salmonella phages. The transduction frequencies for a histidine mutant of strain LT2 are shown in Table 3 . All phages were able to transduce the his' gene.
However, transduction efficiencies relative to P22 were found to be highly variable. Phages HK284 to HK289 gave transductants which varied from 1 to 5% of P22 transduction frequencies, whereas the transduction frequencies of phages HK316 to HK320 were four-to eightfold higher than those of P22.
All of the phages listed in Table 3 were also found to transduce both cysB and the closely linked genetic marker trpD (data not shown). Frequencies of single (cys+ or trp+) as well as double transductants (cys+ trp+) were determined and, in general, were found to correlate with the his gene transduction frequencies ( Table 3 ). Thus, all 20 phages were found to be capable of general transduction. Considering the transduction frequencies of the three genetic markers, we concluded that phages HK284 to HK289 were less efficient and phages HK316 to HK320 were more efficient transducers than P22. The latter conclusion was confirmed by multiple transduction experiments with variable PFU per CFU ratios. Pertinent data (Table 4) confirmed the higher transducing efficiency of phage HK316 as compared with P22.
Prophage immunity types. P22 and nine phages of the HK series which were temperature insensitive and antigenically homologous to P22 were selected, and their EOPs were measured on indicators singly lysogenic for P22 or the HK phage (Table 5) .
Only heteroimmune relationships can be deduced with certainty on the basis of relative EOP values, because the inability of two phages to plate on the two singly lysogenic indicators may be due either to a homoimmune relationship or to reciprocal exclusion of the superinfecting phage by the prophage. It is evident that the tested phages encompassed a minimum of four prophage immunity types represented by P22, HK291, HK303, and either HK302 or HK306 (Table 5) .
Restriction fragment profiles of phage DNA. It has previously been shown that naturally occurring phages indistinguishable by biological criteria can be easily distinguished from one another by the electrophoresis of DNA fragments produced after their digestion with type II restriction endonucleases (11) . This technique was applied to resolve the identities of phages that had proved indistinguishable from one another. Electrophoregrams of the EcoRI enzyme digests of 12 selected phages are shown in Fig. 1 .
The fragment patterns of the two control phages were as expected; digest gave the six fragments reported by Helling et al. (13) , and the general pattern of the P22 fragments resembles that reported by Jackson et al. (14) . Phages HK284 to HK289 were recovered from Salmonella saintpaul isolates obtained from two local hospitals (Table 2 ). The electrophoregrams of the DNA from all six phages were indistinguishable from one another (data not shown) but were different from the P22 fragments (cf. HK285 with P22, Fig. 1 ). We therefore conclude that the six Salmonella saintpaul isolates which yielded phages HK284 to HK289 harbored an identical prophage.
The fragment patterns of three phages which were antigenically unrelated to P22 (HK316, HK318, HK320) were examined, and all three were found to be identical to one another but different from P22. Thus, the Salmonella typhimurium strains from which HK316, HK318, and HK320 were recovered must have harbored the same prophage. A similar inference is justified for three Shigellaflexneri strains from the identical electrophoregrams of the three Shigella phages HK321 to HK323.
The most intriguing aspect of these data ( Fig.  1) (source species, Salmonella heidelberg), which resemble neither one another nor P22. The present lack of materials and laboratory facilities has precluded analysis of the DNA from some of the other phages listed in Table 2 .
DISCUSSION
The data presented above and those published elsewhere (8) permit us to compare the loads of accessory replicons of the local isolates of three genera of the family Enterobacteriaceae.
The local isolates of Shigella and E. coli resemble one another in having a rather high incidence of 35% bacteriocinogenic strains for E. coli (8) and 40% for shigellae, in contrast to only 5% for salmonellae.
In drug resistance, however, similarities between the shigellae and salmonellae are evident.
The frequency of drug resistance in both genera was found to be low, 3% in shigellae and 4% in salmonellae; these are substantially lower than the 61% frequency reported for E. coli isolates of human origin (8) . It should also be noted that whereas the shigellae and salmonellae were isolated from clinical samples, the E. coli strains had been isolated from nonhospitalized human volunteers who were known not to have undergone any antibiotic therapeutic treatment for 2 months before samples were taken.
In Europe, clinical transmissible isolates of Salmonella have been found to have a high incidence of drug resistance (1), and it has been shown that salmonellae inhabiting cattle comprise a reservoir of R factors. The low incidence of drug-resistant salmonellae in the local clinical isolates would appear to suggest that in Hong Kong the salmonellae are not involved in the maintenance of the reservoir of bacterial drug resistance. In fact, previously published data suggested that the E. coli strains harbored by chickens raised on local poultry farms may comprise the reservoir of infectious bacteria that are drug resistant. The low incidence of drug resistance in salmonellae and shigellae reported here seems to offer indirect support to this conclusion.
The high incidence of lysogeny in species belonging to the genus Salmonella is well recognized (15), and we have been able to confirm this by using locally isolated salmonellae. In the taxonomy of this genus, prophages which confer novel antigenic types on the lysogenic bacteria have provided useful diagnostic markers (15) . Besides this indirect use of prophages, the following considerations suggest that an analysis of the virions recovered from the lysogenic bacteria can provide useful epidemiological data.
Three strains of Shigellaflexneri were isolated from three outpatients suffering from dysentery. All three patients were brothers, aged 2, 4, and 8 years, and developed dysentery at different times over a period of 7 days. Phages HK321 to HK323 were recovered from each of the three independent bacterial isolates. The genomic identities of the three phages as established by their biological characteristics, and especially by Similar inferences could be drawn about independent isolates of Salmonella spp. For example, 15 strains of Salmonella typhimurium were isolated from the pediatric ward of Queen Mary Hospital over a period of 23 days. Eight bacterial strains were found to be Col+ and seven were Col-. All 15 strains were found to be lysogenic and on the basis of plaque morphology seemed to harbor a similar sort of prophage. Six phage isolates were selected, HK316 to HK320, and as mentioned in the preceding section they were found to be very similar to one another in being temperature sensitive, antigenically heterologous to P22, and more efficient transducers. Furthermore, the exact resemblance between the electrophoregrams of the DNA from phages HK316, HK318, and HK320 makes it extremely likely that all 15 strains of Salmonella typhimurium harbored the same prophage and thus may safely be regarded as clonal descendants of a single original bacterium.
The genomic identities of phages HK284 to HK289 recovered from six local isolates of Salmonella saintpaul were established by electrophoretic analysis of the EcoRI digests. Five of the bacterial isolates had been found to be Col-, whereas the strain which yielded phage HK289 was found to be Col+. These data reinforce the conclusion that the prophages can serve as useful epidemiological markers.
